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QUALITY OF WATER OF COLORADO RIVER IN 1925-1926

By W. D. COLLINS and C. S. HOWABD

SAMPLES

Most of the analyses given in this report represent composites of 
daily samples collected by the observers at United States Geological 
Survey gaging stations on Colorado Eiver at Grand Canyon and 
Topock, Ariz. These stations are operated under the direction of 
W. E. Dickinson, district engineer of the Geological Survey at 
Tucson, Ariz., who personally collected some of the samples at other 
points and arranged for the collection of others.

At Grand Canyon samples from August 18, 1925, to September 30, 
1926, were taken by B. S. Barnes; from October 25, 1925, to Sep­ 
tember 3, 1926, by D. H. Barber; and from September 4 to 
September 30, 1926, by Kenneth C. McCarter. At Topock samples 
from August 14, 1925, to July 13, 1926, were taken by James E. 
Klohr; from July 14 to July 27, 1926, by Kenneth C. McCarter; 
and from July 28 to September 30, 1926, by James E. Klohr. 
The samples for the single composite from Yuma were taken by 
P. J. Preston, superintendent of the irrigation project of the United 
States Bureau of Reclamation at Yuma. Other samples were taken 
by D. A. Dudley in connection with measurements of discharge at 
points in the river system. The points at which samples were taken 
are shown in Figure 6.

All the samples were collected in 4-ounce bottles, which were sent 
to the laboratory in Washington for analysis. For the composites a 
single bottle was filled each day, and the date and point of collection 
were marked on the bottle. Every effort was made to take samples 
that would truly represent the river water as to its content of dis­ 
solved mineral matter. Single samples for analysis consisted of 
four or eight bottles collected at one time. The continuity of col­ 
lection of samples and the completeness of the analyses make the 
information in this report more comprehensive than that given in 
previous reports. 1

i Forbes, R. H., The river irrigating waters of Arizona, their character and effects: Arizona Agr. Exper. 
Sta. Bull. 44, 1902. Stabler, Herman, Some stream waters of the western United States, with chapters 
on sediment carried by the Bio Grande and the industrial application of water analyses: U. S. Qeol. 
Survey Water-Supply Paper 274,1911. Scofleld, G. S., Salt content of Colorado River: Eng. News Record, 
vol. 97, pp. 131-132, 1926.
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METHODS OF ANALYSIS

C. S. Howard made all the analyses by the methods regularly used 
in the United States Geological Survey, which agree essentially with 
those recommended in "Standard methods of water analysis" 
published by the American Public Health Association.

The 4-ounce samples were allowed to stand in the laboratory till 
the suspended matter settled, leaving the liquid above apparently 
free from even traces of silt. Composite samples for 7-day periods

M I N G

NEVADA I* u T

EW MEX.

30O MILES

FIGURE 6. Map of Colorado Eiver drainage basin showing sampling 
points

'were collected in flasks by drawing the clear liquid from the individual 
bottles through a siphon, without disturbing the sediment.

A sample of 5 cubic centimeters was taken from each small bottle 
for a chloride determination, but the results are not given in the table. 
They served as a check on the result obtained in the examination of 
the composite.

In the early part of the work the silt was washed from Nall the 
bottles of a set into an evaporating dish, which was placed on the 
steam bath. After the residue was dry it was heated in the oven at 
180° C. for one or two hours. This heating made no significant change
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in the weight of the residue, and later the heating in the oven was 
discontinued. For most of the samples the weight of the suspended 
material in each bottle was found after drying on the steam bath. 
Correction was made for the weight of the soluble salts in the original 
water (usually 5 to 8 cubic centimeters) transferred from the bottle 
to the evaporating dish with the silt. The silt was washed from the 
bottle into the dish with distilled water. The quantities of silt re­ 
ported in the table for composite samples are nearly all averages of the 
determinations for the daily samples.

A sample of 500 cubic centimeters of the clear composite was evapo­ 
rated to dryness in platinum, and the residue was weighed after heating 
12 or 18 hours at 180° C. Silica was determined, and the nitrate was 
divided into two parts. Iron was precipitated from one part and 
determined colorimetrically as thiocyanate, calcium was deter­ 
mined by titration of the oxalate with permanganate, and magnesium 
was weighed as pyrophosphate. From the other part sulphate was 
precipitated and weighed as barium sulphate, the mixed chlorides 
were weighed, and for most of the samples potassium was determined 
by weighing the platinum resulting from reduction of the potassium 
platinic chloride. If potassium, was not determined, the total weight 
of mixed chlorides was calculated to sodium. Bicarbonate, chloride, 
and nitrate were determined by standard methods. No carbonate 
was found in any sample.

The percentage error of each analysis was calculated by dividing 
the difference between the sums of the equivalents of the bases and 
acids by the total sum. The calculations showed all the analyses to 
be well within the limits that are found for careful analytical work.

The weight reported as "residue on evaporation" is consistently 
higher than the sum of the determined constituents. This difference 
is commonly found in the analysis of waters that carry comparatively 
large quantities of calcium and sulphate.

COMPOSITION OF WATER OF COLORADO RIVER 
AND TRIBUTARIES

The, accompanying table gives all the individual analyses made for 
this report and two averages for Colorado River at Grand Canyon, 
which are shown with some of the analyses in Plate 6. The dates show 
the number of daily samples in each composite. Samples were collected 
each day at Grand Canyon and at Topock, but some samples were 
lost in transit. A few that contained hydrogen sulphide when re­ 
ceived were rejected, because the hydrogen sulphide suggested 
decomposition of sulphate and possible change in the bicarbonate. 
The results for dissolved solids are sums of the constituents deter­ 
mined, with the bicarbonate divided by 2.03 to obtain the equivalent 
carbonate. The total hardness is the calcium carbonate equivalent
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to the calcium and magnesium together. The .noncarbonate hard­ 
ness is the total hardness minus the quantity of calcium carbonate 
equivalent to the bicarbonate. The mean discharge is that for the 
7-day period represented by each analysis for Grand Canyon and 
Topock. The quantity of dissolved solids in tons per day is obtained 
by multiplying the dissolved solids in parts per million by the dis­ 
charge in second-feet and the factor 0.002697. In other publications 
the quantity of dissolved material in the river has been calculated 
from the results of determinations of the residue on evaporation, 
which is always greater than the anhydrous dissolved mineral matter.

Analysis 65 in the table, which is shown as diagram 7 of Plate 6, 
is the average of the 51 analyses for Colorado River at Grand Canyon 
from October 9, 1925, to September 30, 1926. Analysis.65 and dia­ 
gram 7 represent accurately the composition of water that would be 
contained hi a vessel or reservoir that had received equal quantities 
of water from the river each day of the period covered by the analyses.

Analysis 66 is a weighted average of analyses 14 to 64. The quan­ 
tities of the different constituents in.each analysis were multiplied 
by the mean discharge for the period represented by the analysis. 
The sum of the 51 products for each constituent was divided by the 
sum of the discharges to obtain the weighted average given as 
analysis 66. This analysis and diagram 8 represent approximately 
the composition of water that would be found in a reservoir con­ 
taining all the water that had reached Grand Canyon during the 
period considered, after thorough mixing in the reservoir. This 
shows obviously better water than that represented by analysis 65 
and diagram 7, because at tunes of high discharge the river carries 
the least amount of dissolved solids. In analysis 65 and diagram 7 
the waters represented by diagrams 5 and 6 have equal wfeight; 
in analysis 66 and diagram 8 the water represented by diagram 6 has 
over three times the weight of that represented by diagram 5. Be­ 
cause the composite samples for analysis were made from equal 
daily samples, the analyses themselves do not represent accurately 
the water that would be found in a reservoir containing the whole 
flow of the river for the period covered by an individual analysis. 
The error due to this effect is not great, but its tendency is to make 
analysis 66 and diagram 8 show more dissolved mineral matter than 
would be found in the water of a reservoir storing the whole flow of 
the river for a year.

The analyses for Topock show the water to have about the same 
content of dissolved mineral matter there as at Grand Canyon. 
This is brought out in Figure 7, which shows the dissolved mineral 
matter at Grand Canyon and Topock, with the discharge at Grand 
Canyon. The discharge at Topock is so near that at Grand Canyon 
that it is omitted to avoid confusion. The dissolved mineral matter 
shown in Figure 7 is not the residue on evaporation, but the sum of
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the determined constituents with the bicarbonate calculated to 
carbonate.

Of the 137 analyses in the table, 113 represent samples from Grand 
Canyon and Topock. The samples from other points have only the 
value of occasional samples and can not serve for calculation of the 
quantities of material carried by the river. Consideration of the 
discharge at the time of collection in comparison with the discharge 
throughout the year will give some basis for an opinion as to whether 
a given analysis may represent average or extreme concentration of 
dissolved mineral matter.

SUSPENDED MATTER

The figures given for suspended matter are accurate for the samples 
as received. The samples were, however, taken without any special 
precautions to make them represent accurately the silt being carried 
by the river. It is possible, therefore, that the use of these results 
n computations may lead to incorrect conclusions. Work on the 
silt problem, which is still under way, may make it possible to use the 
results published in this paper, either with or without corrections, as 
a reliable basis for calculations.
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